Introduction
============

Blowout fractures of the orbital floor are a frequent occurrence in adults, and the mechanisms of injuries, clinical presentations, and indications for treatment have been well described by numerous authors. However, there are few reports relating to blowout fractures of the orbital floor in children younger than 5 years of age. A search of the PubMed database using the term, "pediatric blowout fractures or blowout fractures in children", revealed only six reports, in which the exact age, correct diagnosis, and treatment were noted.[@b1-imcrj-8-155]--[@b5-imcrj-8-155] We experienced the case of a 3-year-old boy with a blowout fracture of the orbital floor. We herein present our case, along with the detailed information of six other cases that were reported in the literature, and discuss their etiology, diagnosis, and treatment methods.

Case report
===========

A boy of 3 years and 3 months of age was reported to have fallen from the front child seat of a bicycle. The boy's mother reported no history of loss of consciousness or vomiting. The boy was taken to the neurosurgery section of a local hospital. A computed tomography (CT) scan was performed at the local hospital and showed a pure blowout fracture of the left orbital floor with a slight dislocation of the orbital contents. No brain abnormalities were observed. He was referred by the local hospital with an indication for surgery to repair his blowout fracture on the same day. A facial examination revealed no abnormalities with the exception of a small subcutaneous ecchymosis in the left lower eyelid. A medical examination revealed that there was no abnormal limitation of eye movement or enophthalmos ([Figure 1](#f1-imcrj-8-155){ref-type="fig"}). A fundoscopy also revealed no abnormal findings in the vitreous body or the retina. Due to the lack of clinical symptoms, we selected the conservative option of observation without surgery. The patient did not develop any complications that necessitated later surgical intervention.

CT at 6 months after the injury showed the regeneration of the orbital floor in the area of the fracture and no abnormal findings in the left maxillary sinus ([Figure 2](#f2-imcrj-8-155){ref-type="fig"}).

Discussion
==========

Blowout fractures of the orbital floor in early childhood have usually been reported either with other pediatric maxillofacial injuries, or in a series of injuries which include adults.[@b6-imcrj-8-155]--[@b10-imcrj-8-155] In our search of the literature, the youngest reported patient that we could find was 11 months of age.[@b6-imcrj-8-155] However, there have been few detailed case reports of blowout fractures of the orbital floor in children younger than 5 years of age. In this age period, the upper third of the developing face is more prominent and is more frequently exposed to injuries than the malar bone. Consequently, orbital roof fractures are more frequently encountered than orbital floor fractures.[@b11-imcrj-8-155],[@b12-imcrj-8-155] In our search of the literature, we could only find six case reports of blowout fractures of the orbital floor that mentioned the diagnosis, treatment, and results ([Table 1](#t1-imcrj-8-155){ref-type="table"}).[@b1-imcrj-8-155]--[@b5-imcrj-8-155]

Three principal mechanisms have been proposed to explain the etiology of blowout fractures: globe-to-wall contact, hydraulic, and the buckling mechanism.[@b13-imcrj-8-155] Pediatric patients, especially in early childhood, are most susceptible to the buckling mechanism due to a direct strike to the orbital rim.[@b14-imcrj-8-155] The bones of children tend to bend, crack, and then snap back into place, resulting in linear or trapdoor fractures of the orbit. This transient buckling of the orbital walls tends to allow orbital soft tissue and extraocular muscle to herniate into the paranasal sinuses and become entrapped in the fracture region.[@b15-imcrj-8-155] In this series, which includes our own patient, five linear and two trapdoor fractures were diagnosed from the CT images.

Five of the seven patients were male. A male predominance in this age group is apparent and is a reflection of the aggressive risk-taking behavior of young boys. Injuries by falling are the most common cause of isolated orbital fractures in children younger than 5 years of age. In this series, six of the seven fractures were caused by falling. In young children, falling is an indicator for the diagnosis of a blowout fracture. However, because of the uncooperative attitudes of children of this age and the relative paucity of clinical signs (such as orbital hematoma and sub conjunctival hemorrhage), a physical examination performed in the emergency room setting is of limited value in the diagnosis of suspected blowout fractures. In cases where patients present symptoms including post-traumatic diplopia, periorbital swelling and/or nausea, vomiting, which may be caused by extraocular muscle entrapment,[@b8-imcrj-8-155] a CT examination of the orbit should be ordered.

When CT findings show a blowout fracture with extraocular muscle entrapment, as shown in case six, the early exploration and release of entrapped muscle is recommended by many authors to avoid ischemic necrosis, fibrosis, and the scarring of entrapped muscles.[@b1-imcrj-8-155],[@b3-imcrj-8-155],[@b8-imcrj-8-155] Surgical intervention within the first day of the injury would seem to be the best treatment timing for the prevention of muscle fibrosis and has shown the best results.[@b5-imcrj-8-155],[@b16-imcrj-8-155],[@b17-imcrj-8-155] In pediatric patients, however, the entrapment of the extraocular muscle may be significantly underestimated by CT examination.[@b18-imcrj-8-155] Even if muscle entrapment is not indicated by CT, persistent diplopia after the resolution of initial edema is a further indication for surgical intervention, as shown in cases one and four.[@b3-imcrj-8-155],[@b4-imcrj-8-155] On the other hand, Pluijmers et al[@b4-imcrj-8-155] reported one patient who required an operation due to late enophthalmos. In this case, a relatively wide trapdoor fracture might have been the cause of the late enophthalmos. In this age group, both the reestablishment of ocular movement and orbital volume are treatment goals.

In pediatric patients, the defects after entrapped orbital tissues are freed are often small; thus the reconstruction of the bone defects is not always necessary.[@b7-imcrj-8-155] Orbital floor reconstruction might, however, be necessary if the bone defects are wide after the freeing of the entrapped orbital tissues. A question remains as to what sort of material can be used for orbital floor reconstruction in early childhood.[@b2-imcrj-8-155],[@b4-imcrj-8-155] Nonresorbable plate and sheet-like materials could disturb the normal growth of the facial bones. Alloplastic materials have been provided in some cases, but have also failed to achieve their purpose due to infection or rejection. Some authors have suggested that thin but strong and resorbable artificial materials would be ideal for orbital floor reconstruction in early childhood (which involves a rapidly growing and changing facial skeleton), and that this could eliminate the need for a second operative site (for the harvesting of an autologous bone graft) and eliminate the risk of complications at the donor site.[@b2-imcrj-8-155],[@b4-imcrj-8-155] In this case series, pericranium, Vicryl^®^ sheet, and Lyoplant^®^ were used in the reconstruction of the orbital floor.[@b1-imcrj-8-155],[@b3-imcrj-8-155],[@b4-imcrj-8-155]

While serious ocular or cerebral injuries and complications were not observed in any of the patients, complete ophthalmic and neurologic examinations are recommended in all cases when orbital blowout fractures are identified.[@b19-imcrj-8-155] To determine the gold standard of treatment for blowout fractures in early childhood, the careful long-term follow-up of pediatric patients is also required.

Conclusion
==========

In the present case series, falling was the most common cause of the orbital floor fractures in early childhood. In cases where patients present symptoms including diplopia, periorbital swelling, nausea and/or vomiting after injuries, a CT examination of the orbit should be ordered for appropriate diagnosis and treatment immediately.
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![Computed tomography of a boy of 3 years and 3 months of age showing a pure blowout fracture of the left orbital floor with a slight dislocation of orbital contents.\
**Note:** There was no abnormality in his ocular movement.](imcrj-8-155Fig1){#f1-imcrj-8-155}

![Computed tomography 6 months after the injury shows the regeneration of the left orbital floor and no abnormalities in the left maxillary sinus.](imcrj-8-155Fig2){#f2-imcrj-8-155}

###### 

The patient characteristics of young pediatric patients with blowout fractures of the orbital floor (n=7)

  Case                                        Age           Sex   Cause     Fracture site   Fracture type   Muscle entrapment   Time to operation   Residual diplopia
  ------------------------------------------- ------------- ----- --------- --------------- --------------- ------------------- ------------------- -------------------
  1\. Anderson and Poole[@b1-imcrj-8-155]     5 yr          F     Falling   Lt floor        Linear          −                   11 weeks            \+
  2\. Klenk and Kovacs[@b2-imcrj-8-155]       1 yr          M     Falling   Lt floor        Linear          −                   −                   −
  3\. Klenk and Kovacs[@b2-imcrj-8-155]       2 yr 3 mth    M     Falling   Lt floor        Linear          −                   −                   −
  4\. Ethunandan and Evans[@b3-imcrj-8-155]   4 yr          M     Falling   Floor (site?)   Trapdoor        −                   5 days              −
  5\. Pluijmers et al[@b4-imcrj-8-155]        3 yr 10 mth   F     Falling   Rt floor        Trapdoor        −                   27 days             −
  6\. Foulds et al[@b5-imcrj-8-155]           5 yr          M     Unknown   Rt floor        Linear          \+                  1 day               −
  7\. Our case                                3 yr 3 mth    M     Falling   Lt floor        Linear          −                   −                   −

**Notes:** Cases 1--6 were identified in a search of the PubMed database using the term "pediatric blowout fractures or blowout fractures in children".

**Abbreviations:** yr, year(s); mth, months; F, female; M, male; Rt, right; Lt, left.
